This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



1/5/1 

DIALOG (R) File 351:Derwent WPI 

(c) 2001 Derwent Info Ltd. All rts. reserv. 

013643503 

WPI Acc No: 2001-127711/ 200114 

Related WPI Acc No: 2001-196026 

XRAM Acc No: C01-037680 

XRPX Acc No: N01-094278 

Positive electrode active material for lithium secondary batteries 
comprises specific powder particles having specific magnitude 

Patent Assignee: SAMSUNG DENKAN KK (SMSU ); SAMSUNG SDI CO LTD (SMSU ) 

Inventor: HWANG S M; KIM S G; KWON H J; NOH Y B 

Number of Countries: 002 Number of Patents: 002 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

JP 2000306584 A 20001102 JP 200095406 A 20000330 200114 B 

KR 2000061755 A 20001025 KR 9911043 A 19990330 200124 

Priority Applications (No Type Date) : KR 9911043 A 19990330 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
JP 2000306584 A 7 H01M-004/58 

KR 2000061755 A H01M-004/48 
Abstract (Basic) : JP 2000306584 A 

NOVELTY - Positive electrode material consists of LiCoA2, 
LiCoO (2-x) Bx, LiCo (l-x)MxA2 or LiCo ( 1-x) MxO ( 2-y ) By (where A=0, S, F or 
P; B=S, F or P; M=Sr, Al, Mg, Cr, Mn, La or Ce, x=0-l; and y=0-l) 
powder particles. The size of powder particle and its aggregate are 1- 
microns and 10-30 microns, respectively. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
positive electrode active material manufacturing method. 

USE - For lithium secondary batteries used as power source for 
portable electronic machines. 

ADVANTAGE - The positive electrode active material excels in 
thermal stability and structural stability. The battery using the 
electrode active material is safe to use. 
pp; 7 DwgNo 0/5 

Title Terms: POSITIVE; ELECTRODE; ACTIVE; MATERIAL; LITHIUM; SECONDARY; 

BATTERY; COMPRISE; SPECIFIC; POWDER; PARTICLE; SPECIFIC; MAGNITUDE 
Derwent Class: L03; X16 

International Patent Class (Main) : H01M-004/48; H01M-004/58 
International Patent Class (Additional) : H01M-004/02; H01M-010/40 
File Segment: CPI; EPI 



A3 



<19)B*B#f¥fr (JP) (12) £; §g if3f ^ $g (A) (H)1#iftiiiSaiH#^ 

#W2000 -306584 
(P2000-306584A) 

(43) <CM H ¥f£l2^11 fl2B (2000. 11.2) 

(BDinta 1 &JWga*» FI f-V3-h*(##) 

H0 1M 4/58 H0 1M 4/58 

4/02 4/02 C 

10/40 10/40 Z 



SSSsfc ifcitjR »*^«>SC4 OL (£ 7 H) 



(21)fflH»# 


^S2000 -95406(P2000-95406) 


(71)fflKA 


590002817 










(22)mSB 


¥J£12*P 3 #30 B (2000. 3. 30) 




AISRSjsOffi^cMTfrASlBA L^A^Vfl^ 








575$% 


(31)«$fctfc£3B#{t 


1999-1 1 0 43 


(72)5H^# 


inn 


(32)ffi}feB 


JpJSfcl W 3 M 30 H (1999. 3. 30) 






(33)«Jfc«i^l| 


US (KR) 


(72) m\m 


& * s 














(72)«^# 


I* *§ £ 








A«sasfsm3i^^^«paj24#« 








# * * 








*SSKBJ£fclfc»X£r1jg8#pai24#SB 






(74)ftS!A 


100083806 








=# »*l Wl«) 



(54) imwo&m u^Ar^mmmmms^iRXj^tosm^m 



(57) 

±©-*tWlg 7 fegf (O^t $ ^ 1 0~30//m 

-fb^iCl :LiCoA2. ffc#5£2 : LiCo02-xB,, ft)^jS;3 : 
LiCoi-xMxA2. : LiCot-xMx02-yB y (ASiO, 

S, FXttP. BfiS. FX«P- M«A 1 , Mg, C 
r. Mn, Sr. LaXUCe, 0<x<l. 0<y<l) 



(2) 



&m 2000-306584 



±<D— ^^ifim^.r»Tl&rF<D^^itfil 0-3 Oum 
TT**r:*fit^ft»j«-r*Te©'fb^iCl71S4«)fl:^ 

LiCoA2 rt^iU 
LiCo02-»Bx fls¥5£2 
•LiCoi- x MxA2 <b^SC3- 
LiC01-xMx02-yBy ffc^jU 
(»Bft*SC 1 7iS4 fc*V»T. AttO, S, FRZfiP 

iOjl^^tl, MttAl. Mg. Crjft^Mni^as 
i¥.fcDg#?£ft-5&J& ;Sr; £fcttL a&tfC 
4«»J:»)aS?Sn47^/'fH4lT*D. 0<x< 

1 T&D. 0<y(lT*5. ) 

[«3fcJg2] ffitB&JRttfctottMg. Al, Co, 
K. Na, Ca, Si, T i RZfVfrZ&Ziffr— 

lO-tWiS^t. 0~3 0m 

mT -^c^&^f smS-fk^SC 1 4 ©fls-& 

£&S7^a*->F#ra£fctt&JII##«Tn-^ > 

LiCoA 2 fl^iSl 
LiCo02- x Bx -fb¥^2 

LiCoi-xMxA 2 Yb^s:3 

LiCoi-,Mx02- y By 4b^5t4 

(S3fB-fb^iCl75M4(CJ3txx. AttO, S. F&tfP 
*»6«:-5»J:Da*?Sn.. BttS, FXtf P*Sfc*» 
=fc»3iilK£n, MttAl, Mg. CrStfMn*5ft5 
m&VmiRZftZ&m ;Sr; SfcfcttL aWCe*?, 

ft*»j;DaS!sn*9>^>''f F&«-ea?>. o<x< 

0<y<l-C$,-5. ) 
[2i*JS4] mifa^SlStt, £»S;ttt8Siit©3£H 
m"C5 0 0-8 0 0rTff:b*l-5W#lg3 tCfB^WUf 1 

?A-#itteffliE4ie#ilt ©«>£:£?£. 
[««©i¥»lfcKiPi] 

[0 0 0 1] 

©syt^Hticwrs. 

[0 0 0 2] 



[0 0 0 3] U^'>'A-^m)tett'J9 1, >A'1'^->©-r> 
U—isa > (intercal— at ion) ~BlZ£ 
tH" >$ti Xdeintercalatio 
n) #?Itefcft»*H«RtfIE«£UTfflUV WtBlEffi 

[0 0 0 4] £©i:3fcy^i^;fc*»©ftttig*i« 
£bTU^A&JB#^Sn;fc£<h*>*-3#. u^r> 

^M<r)^M\Z.=fyV^^ V (d e n d r i t e) im&L 

[0 0 0 5] U^^A-^mffiCDIEffieft^iUTtt, 

■fWb-a % (chalcogenide) H £ *l. L 
iCo02, LiMn204, LiNi02, LiNi 
i-xCoxC-2 (0<X<1) . L iMn02*t'»tt 

^<b$j#ilWb;*nT^&o HiiiaiEffiffi%Ko-5^L 
i N i 0 2tt^®§fi*^#^*t-&^b.c<i^m^ab 
D. LiMn204. L i Mn026i'OMnMljf 

«^*««»t*d. mm&k 

[0 0 0 6] £fc> LiCoO2(iMT10-2~l 

[0 0 0 7] -(JgtC, C©J:5fc*|^M»fls*itiB# 

[0 0 0 8] GSJAtt. B*4**lF4i« ¥ 8 - 1 5 3 5 1 
3^{CttN i (OH)2iCo(OH)25fcttN iiCo 

ttftOfl-B'JfcifWiiSfcllTL i N i i-xCo x 02 

(o<x<u £«36T*2rffia«ii!jR*nT^*. ft©* 

fttlTit LiOH. NigftftRDtCoWtMS 
CM 4 0 0~5 8 0tT— ^gsUTMSB© 
BMt*fc#jSbfc«. 6 0 0~7 8 0t-rr^MUT 



(3) 



2000-306584 



[0 0 0 9] WfB^ffifcJ:oTKifianfcffi«?R««ifi 

[ooio] i»Bm«jft*»ft-r*fc«e>fc, 

[0011] 
[O012] 

[0 0 13] 
LiCoA 2 ft^iU 
LiCoOz-xBx ft¥it2 
LiCoi-xMxA2 ft^j£3 
LiCoi-xMx0 2 -yB y ft¥S4 

[0 0 14] (fflEft¥Sl75M4fc:fc^T, AttO, 
S, F&tf P^6ft£l¥£DMtK2n, BttS, FRZS 
P^^a-SSiDI^n, MfctA L Mg, CrM 
Mna>&tt**±D»?£tt*»£« ; S r ; L a& 
IXC e^6ft*»J;t)aS?*n*7>^/^ fmt* 
0, 0<x<lT£D, 0<y<lT*^ o ) *%0J 

1 - 5 tfDTtS-^KlW-^ftWXtoTltfO 
*^££*1 0-3 0 (iDiT*S- ^Jtt^ftWjSE-r^MIB 
ft1*j£ 1 7^S4 <0ft^»O4 , T3BS?Sn*<b'&««>»* 

[0 0 15] 

[0 0 16] ^WOU^^A— ^SftfflIEffiei»Ktt 

Teo-fb^a 1 71S4 &a:s»«k oa«*n 

£ft-&*T<&£ 0 

[0 0 17] 

LiCoA 2 ft¥SCl 

LiCo0 2 -xBx ft^;£2 

LiCoi-xMxA2 <t*a:3 

LiCoi-xMx0 2 - y By ft*S4 



[0 0 18] «9Bft»5*17554K:;fc^T. AteO, 

Mn*>&fc*#J:D»«SftS«#£fll : Sr ; 

JST&D, 0<x<l^!*D> 0<y<lT&£ o ) SfffBft 
*ai7!r54 0ft:^»*-&*K"r*&»fc* 3^h*i 

Kft^^^ou^^A^^^fMo^atb^ig^-r^c * 
fc, l i Fifc«N a scsaotsctfeTfr 

[0 0 19] JE^fffitt, ftihAtf^^?^^ 

(mortar grin — der mixin 
g) 3/^l/h&£U^Ajfe«h<Dffi^tt£fi 

olvent-free) foif^'t y^—U^ 

[0020] c©j:5a:xa*ai;Ttaibfc3^h 

#£U^A*£(Dffi^«*«J4 0 0-6 o ot:<Bia£ 
«m:ii:J;oT¥g^ (semi c r y s 
t a 1 1 i n e ) #ffi<Bft^iC 1 7554 ©ft-&4M> &ft 

*»iDa#?*ti*ft*«o»**«»"r**. »4o 

0 - 5 5 0 t*C 1 - 5 B#Pb1(J f-^MI b , 7 0 0- 
9 0 OtTl 0-1 SWfMKd:— *J»ja3ST*^<!:fc«t 
oT> ISa*«©ft4feSC171S4©ft*4fc^6a:**J: 

oas?*n^ft-&«o»*s:ajifi"r^o ^#^<£>ft^ 

«»**«Jfi-r*«P, — *»fflS©«*««4 0 0°Ci:0 
f£^<h> n AVI/ ht££ U A&<h<&RJfcaH-#^ttfc 

ftissgs^D'joy (blowing), -r^&fr*-? 

l-5TCX^<Dii^-e#fibT*iSU, #!SSMI©M 
[0 0 2 1] SlffiSnfcft^£l755 4Qft'&4& 

a> & fc^au d aRsn*ft-&m©»*t#»TiijB'& 

(remixing) U U ^ Ai&£ 2 £ \Z*%—\Zft 

[0 0 2 2] fi91B*ffiTBJSL/fcft*aCl71S4©ft^ 

rt< 1 - 5 m T*3-0«±<7>— »^l^oTSf <£> 
*££7^1 0-3 OMmTfe^X^^Sr^fiKT^o C 
J: 5 ft;£ftTft^:£; 1 75 M 4 ©ft<&4M> £>fe£i¥J: 0 

WfcffiffiSn*ft3*5£ 1 7554 <&ft^»;S> &fc*»ck 0 
a^^n^ft^tt^O^Tft^^^S^ 1 - 5 At m 



(4) 



ftffl2 000-306584 



0-30 u*^&Z~m&ttJ&f£t*1£¥iZ 1 ^4 

«k 0 JSS? * ft * A« 7 ^ 3i * S/ H **T =i 

^ U CVD (Chemical Vapor D 
epos i t ion) r-f y^-r^ >^ (d i 
p coating) ffi&£iRffl:3-7V >^ft*ffl 

ftS*8KUT«jfi-r^o ffiE&««hbTttMg. AU 
Co, Kx Na> Ca, Si> TiR«Vft£Sfflt^ 

y^u^y Fj*ttTfflEfls¥3C 1 7154 <Dffr&*a>Sfc 
jtfSftf. a9E&*©»##5»*%£«iftT*<fc&* 

[0 0 2 5] CC0J:^(C, ^JS7;U3^r'>H^^=l — 
5V >if$ftfct»** 1 2 on©*— y>"T?»5WrBB<e 

[0 0 2 6] M7J^ + yHg»^-f-f >^2ft 

fc^it 1 M4 ©^•*»6fe*»J: oas?*ft*ft 
^Kl»*6 5 0 0-80 OtTMIt^o 
[0 0 2 7] |BE«ilBaxaTA«7;i/ri*5/HjaF«39« 

#1-5 MmT^^-^JWJbO-^^m^oX^ 
<£>*££# 1 0-3 0 p.m^»Z~A1&tt}&&TZ>fc 

^SftfcS*K^KifiSft^)o e*K<Z)SS^JgfiESft 
fc&MKfctt ttMB n / w F <h#M y yvzi^ri/ F JS«^ 

H**^6**bfc*JR©»ft«a:t*tJaLtoft*. fc£ 

7V>^bfc^ WM«cti:J;oT3Wh 

^ A Ott<C4fe«t«ffitt9 * ft£IE41ffi«§t 



[0 0 2 8] *^OS*Ofc*tCjff*b^^Jfi 

EO*jK«lfclS6ft*to^T»4a:l^ 

[0 0 2 9] (Ulil) Li OH l^iCofO 
H)2 l^E;l/«r«l«*K:j**l/fc. C<Z)ffl-&«I^+»Kl 

E*T**s*fc+»fc««>x* y -;n£sain b;t«. 

ffi£bTJS--fc$Hftbfc«* Stf7 5 0tTl 2P9IHII3 

fee 

[0 0 3 0] ME*ifcT«ffiSft&iH«ttL i C0O2 

>{f2tittL i Co02^*^SSbfc 0 *BE*BfcM 
g-y h4^S/ F#*3 — y^^tl^iL i Co02»* 
llfeiS^$:7'D^^>y / t^ft : T6 0 OtTiBl 0 
WPBB® £j»«a3ift*flS bT U f 1 ^ AX*«ftffliEffiffi«j 
S^iJBbfeo 
[0 0 3 1] co«t5i:MSnfcfi1W, ^i€^J <# 

^>7;l/*^-f F, iSa a a£ : KF- 1 3 0 0) XtfjgfiE 
(N-^^tfnU F» &S^bTiEffiS«lKa^» 

>^bTiE«i^S3gbfco 
[0 0 3 2] MEiEffi> WlilTL i -^WJkXS^ 

1MCDL i PF6S^fc*«*«^*ffl^Tii-f >-fe;i/ 
^^7°C0¥«ffi^©ifibfco 

[0033] (%jK0j2) mmm 1 tt^T, Mg-* 

h + >^£ftfcL i Co0 2 f»*^6 0 

0lCTii!l!t-5fttoDI:7 0 orTS»MS£*fi£bfc 

[0034] (tmmi) mmmt>fr~?mi L <D*:Z2 

tfl 1 0 /iD)T$)5*- £r?#>£>ft:£L i Co02»t 

GSift£ : N C - 1 0 , §S5£#: : Nippon Che 
mical) ftMg-/h*'>H#*l:S*Lfct)©t 
ffifflbfcC tSI»^Ttt*«5ff»J 1 tra«fc5ljS£bfco 
[0 0 3 5] (fct«0J2) ttttWHC^^T, Mg-/ 
h*^Fa*3-5V > if Stitch i Co0 2*#*£6 0 



(5) 



ftM2 000-306584 



[0 0 3 6] HlttHJfi«iatXSljK«2fcl3^Tffl^ 
fcLiCo02»*CSEM5*T*D, H2tttt(ft« 
lXrXJt(R«2{C*^TflB^fcL i Co02»*©SE 
M^I^^. HKDA'Sfc. HJfi« 1 &tXS)|JS0!| 2 
*^T/H^fcL i CoO2»*Btt?C0**S*l urn 

• 0 * tfc(ft«lXtftb(ft«2K:*l*Tffl^&L i C0O2 

*^Jl^i:bfe0iJl(C^^TS5iL/tmj f &^4. 3 V 
T?lE«l,fc«L *#UTLiCo02©imi 

1 -xCo02C»o^IS^[H|i|XLrco eKBffitEJC 
ML/TDSC (di f ferent i al scann 

ing calorimetry) ##r£5&ffiLfc^ 
-€-OjS**ia3^l/fco DSCSiSL&ISttSS 

^«JK«80iEa?S4»K«L i 1 - x C o O 2#l3££*r 

o) tM/mztis c©«ki>fc»«ati&»*ttfi»ft« 

[0 0 3 7] EOd&^T, (A) tttkttWl fC43^T 

ffl^6nfeLiCo02»*, (A600) ttjtftm 

©Mg-T^ + ^K**^— <5r^ >^l/tL i C o 
0 2»t, (B) W^jSfifisj 1 JC&l^Tffl^SnfcL i C 
0 0 2^ (B 6 0 0) 1 
^HSfSTn-f-f >^L£:L i Co02toDSC 
fe*T*^ 0 (A6 0 0) A« (A) fctb^TR*##<0 

W^^o/iL i Co02t»*^l7J^ + yFM 

cnCgL, (B 6 0 0) ifl (B) (Clt 

^*»/£Lfc#ffi<0L i Co0 2 ^3fc£&Jg7;io^ 

[0 0 3 8] SRW^JtS^TttT— 
o0 2»**ltJiffi«^*< t Si^IlftbTl^O 



[0 0 3 9] *j(fi«2XtXtb«!«2tC<fcoT>ljfiLfc« 
tt«:4. 3VI:Mim »#LTLiCo020l 
HbtfiL i i-xC o0 2«^ fcMfo&mVOstco £ 
(Dmmztt LTD SC (defferential s 
canning calorimetry) SHJfi 
*-<BiBSS:|g|4k:SLfco gKIC&^T, 

(a) tett%tm2\z&\,*Tm^*>nrcL iCo02i» 

(A7 0 0) tttt*^©Mg-7;p34 1 >' HJ»* 
T3-f-r>yLfcLiCo02»*, (B) tt^JfifiBJ 
2^45^Tffl^6nfcL i CoO 2 f0^ (B 7 0 0) 
«SljSfiW 1 OMg-7^ + yF«T^-f>( >^L 
&LiCo02»*ODSCIS*T*5, dOD^fc^ 

WLiCo02»*l:lt^T, «rP<D;*:£$a*l /im 

Mm Tfe^r^Si^tL i Co0 2 te^I7^ 

[0 0 4 0] EKfC&^T, (A 7 0 0) ttHJIBW 2 
(B 7 0 0) tttk(ft«2 tC«tS«ffi, (A) 
tt**«2K:43^Tffl^6n*:L i Co0 2t»Ma 
»a*ILK:iS4MttUTfflififc«ft, (B) tefc&0iJ2 
fci5^Tffl^6n*:L i C o O 2*fc££^ffi#l3ii LfC 

^^KjjMSTfflaUfc (A 7 0 0) Xtf (B 7 0 0) *t 
7*3*'>K**T»il/a:*ot (A) RZS (B) (3 

%k09 2 (A700) <&»£\ as«iafc<fc-6u- 

[0 0 4 1] (5U60iJ3) Li OH, Co(OH)2M 
L i F£*l^LT#§llttL i CoF2»**SfflL&C 

[0 0 4 2] (HJ609 4) L i OH, Co(OH) 2 W 
L i F^LT^ML i Co S 2#>*£S5fiL£CI 

[0043] m$^mm3 7bm4\z^xm^L i c 

oF 2 chL i Co S 2 i«$SEMTi^L^ 

HjSfi^J3 7iS4^*5l^Tffl^^L iCoF2(hLiCo 
S2<hO»*iMg-7^3^> K^Tzh-tv >^ 
L£L i CoF2<hL i CoS2«©DSC«J 

[0 0 4 4] 



(6) 



2000-306584 



i©-*eW**?Tgf0A^S*ll 0~3 0 Mm 

[01] *HO-HffiMlCffl^?.n5L i Co02» 
- [0 2] *%BJ(Dit^](Cffl^5>n-5L i Co02^ 



[0 3] *»MO-SfeftW»tftfc*S«fcJ:*«»*4. 
3VS-p*tl/fc«. iE««©DSC»*rOIS***U 

[04] *%BJ»ffiraHS£^JStXi:bgl5^J(C«t^*ffi$; 
4. 3ViTMbm iE««©DSC^*f©|*jR«r 

[0 5] *«KOflSO|«fi«RlXit|8!fi»HcJ;*««iO-y- 



[01] 




[02] 



ftffl 2000-306584 



W3] 



40 
35 
30 

a 20 

m s 
o 

-5 



(B) / 


— (B600) 





180 190 200 2t0 220 230 240 250 



[H4] 




180 
160 
140 
" 120 
< 100 

m bo 

g 50 
* 40 
20 
0 

-20 



-B0B& 




*«:EC+DMC<1/1) +LIPF.(1M) 
4.3V-2.75V, SE -fe^-*- 
0.1C, 0.2C. 0.5C, 1C 



10 



20 



30 



40 



50 



Searching PAJ 



http7/www1 .ipdl.]po.go.jj^A1/result/detail/main/wAAAa10591DA412306584P1 .htm 



PATENT ABSTRACTS OF JAPAN 

( 1 1 )Publication number : 2000-306584 
(43)Date of publication of application : 02.11.2000 



(51)Int.CI. 



H01M 4/58 
H01M 4/02 
H01M 10/40 



(2 1 Application number : 2000-095406 
(22)Date of filing : 30.03.2000 



(71) Applicant : 

(72) Inventor : 



SAMSUNG SDI CO LTD 

KWEONHO-JIN 
KINSHOKI 
KO SOBUN 
RO EIBAI 



(30)Priority 
Priority number : 



99 9911043 Priority date : 30.03.1999 Priority country : KR 



(54) POSITIVE ELECTRODE ACTIVE MATERIAL FOR LITHIUM SECONDARY BATTERY AND ITS 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve structural stability and thermal 
stability by forming a positive electrode material by coating the surface of a 
lithium-cobalt based compound comprising secondary particles of a specific 
size in each of which one or more primary particles of a specific size are 
aggregated with a metal compound. 

SOLUTION: The sizes of primary and secondary particles of a Li-Co based 
compound expressed by the formulas I-IV are 1 -5 μm and 10-30 
μm, respectively, and a metal oxide of Mg, Al, Co, K, Na, Ca, Si, Ti and 
V is preferably used for a metal compound for coating. In the formulas, A is 
O, S, F or P; B is S, F or P; M is a metal such as Al, Mg, Cr or Mn, or a 
lanthanoid metal such as La or Ce; 0<x<l ; and 0<y<l . A coating effect by 
virtue of the increase of the specific surface area of an active material is 
enchanced, and the decomposition temperature of oxygen bonded with the 
metal is raised, so that a heating value is reduced. It is recommended that heat 
treatment is carried out in an atmosphere of the air or oxygen at a 
predetermined temperature after coating the compound with a metal alkoxide 
solution or aqueous solution. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The aforementioned positive active material is a positive active material for lithium secondary batteries by which it is 
the positive active material chosen from the group which consists of the following chemical formula 1 which one or more primary 
particles whose sizes of a particle are 1 -5 micrometers gather, and forms the aggregated particle whose size of a particle is 1 0-30 
micrometers, or a compound of 4, and the front face was coated with metallic compounds. 

LiCoA2 Chemical formula lLiCo02- xBx Chemical formula 2LiCol-xMxA2 Chemical formula 3LiCol-xMx02-yBy chemical 
formula 4 (in the aforementioned chemical formula 1 or 4) A is chosen from the group which consists of O, S, F, and P, and B is 
chosen from the group which consists of S, F, and P. M is a lanthanoids metal chosen from the group which consists of metal;Sr; 
chosen from the group which consists of aluminum, Mg, Cr, and Mn, or La and Ce, is 0< x<l , and is 0< y<l 
[Claim 2] The aforementioned metallic oxide is a positive active material for lithium secondary batteries according to claim 1 
which is the oxide of the metal chosen from the group which consists of Mg, aluminum, Co, K, Na, calcium, Si, Ti, and V. 
[Claim 3] The manufacture method of the positive active material including the process which heat-treats the powder with which 
one or more primary particles whose sizes of a particle are 1-5 micrometers gathered, the powder of the compound chosen from 
the aforementioned chemical formula 1 which forms the aggregated particle whose size of a particle is 10-30 micrometers, or the 
compound of 4 was manufactured, the; aforementioned powder was coated with a metal alkoxide solution or metal solution, and 
the; aforementioned metal alkoxide solution or metal solution was coated for lithium secondary batteries. 
LiCoA2 Chemical formula lLiCo02- xBx Chemical formula 2LiCol-xMxA2 Chemical formula 3LiCol-xMx02-yBy chemical 
formula 4 (in the aforementioned chemical formula 1 or 4) A is chosen from the group which consists of O, S, F, and P, and B is 
chosen from the group which consists of S, F, and P. M is a lanthanoids metal chosen from the group which consists of metal;Sr; 
chosen from the group which consists of aluminum, Mg, Cr, and Mn, or La and Ce, is 0< x<l, and is 0< y<l 
[Claim 4] The aforementioned heat treatment process is the manufacture method of the positive active material for lithium 
secondary batteries according to claim 3 performed at 500-800 degrees C by air or the atmosphere of oxygen. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a positive active material excellent in more detailed 
structural stability and thermal stability, and its manufacture method about the positive active material for lithium secondary 
batteries, and its manufacture method. 
[0002] 

[Description of the Prior Art] A miiuaturization and lightweight-izing of electronic equipment are realized recently, and when use 
of portable electronic equipment becomes common, the research to the lithium secondary battery which has an energy density 
high as a power supply of portable electronic equipment is made actively. 

[0003] A lithium secondary battery charges and manufactures the movable organic electrolytic solution or the polymer electrolyte 
of a lithium ion between the aforementioned positive electrode and a negative electrode, using the matter in which the 
intercalation (intercalation) and day intercalation (deintercalation) of a lithium ion are possible as a negative electrode and a 
positive electrode, and generates electric energy by oxidization in case a lithium ion carries out an intercalation / day intercalation 
in the aforementioned positive electrode and a negative electrode, and the reduction reaction. 

[0004] Although a lithium metal may be used as a negative-electrode active material of such a lithium secondary battery, in using 
a lithium metal, a dendrite (dendrite) is formed in the front face of a lithium metal, and the short circuit of a cell and the danger of 
explosion are in the charge-and-discharge process of a cell. Whether a lithium ion's being received in reversible and the carbon 
system matter with which half cell potential was similar with the lithium metal when it was able to supply and was insertion and 
desorption of a lithium ion are widely used as a negative-electrode active material, mamtaining structure and an electric property, 
in order to solve such a problem. 

[0005] as a positive active material of a lithium secondary battery, the chalcogen-ized compound (chalcogenide) of the metal in 
which insertion and desorption of a lithium ion are possible uses ~ having - LiCo02 and LiMn2 - 04, LiNi02, and LiNil- 
multiple oxides, such as xCox02 (0< X<1) and LiMn02, are put in practical use the demerit which is hard to compound although 
the inside LiNi02 of the aforementioned positive active material has a large charge capacity - it is - LiMn2 - although Mn 
system active materials, such as 04 and LiMn02, are easy to compound, it is comparatively easy to boil a price and the problem 
of environmental pollution also has the few advantage, there is demerit in which capacity is small 

[0006] Moreover, although it is widely used since LiCo02 expresses the electrical conductivity of about 10-2-1 S/cm, a high cell 
voltage, and the outstanding property of an electrode with a room temperature, there is a problem of a low in stability at the time 
of high charge and discharge. 

[0007] Generally, such a compound metallic oxide mixes the raw material powder of a solid state, and is manufactured by the 
solid-phase-reaction method for calcinating this. 

[0008] For example, Japanese patent official report After mixing and heat-treating the hydroxide containing nickel (OH)2, Co 
(OH)2, or nickel and Co to common [ No. 1 535 1 3 / eight to ], the method of manufacturing LiNil -xCox02 (0< X<1 ) through 
process, such as trituration and judgment of grain size, is indicated. After making LiOH, nickel oxide, and Co oxide react, 
sintering this primarily at 400-580 degrees C as other methods and forming an early oxide, it sinters secondarily at 600-780 
degrees C, and a perfect crystalline active material is manufactured. 

[0009] The active material manufactured by the aforementioned method has a trouble of a low in structural stability and structural 
thermal stability. 

[0010] In order to solve the aforementioned trouble, the purpose of this invention is to offer the positive active material for 
lithium secondary batteries with high structural stability and structural thermal stability. Other purposes of this invention are to 
offer the manufacture method of the aforementioned positive active material 
[0011] 

[Problem(s) to be Solved by the Invention] this invention aims at offering the positive active material for lithium secondary 

batteries with high structural stability and structural thermal stability, and its manufacture method 

[0012] 

[Means for Solving the Problem] In order to attain the purpose of the aforementioned this invention, this invention is a positive 
active material chosen from the group which consists of the following chemical formula 1 which one or more primary particles 
whose sizes of a particle are 1-5 micrometers gather, and forms the aggregated particle whose size of a particle is 10-30 
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micrometers, or a compound of 4, and the aforementioned positive active material offers the positive active material for lithium 

secondary batteries by which the front face was coated with the metallic oxide. 

[0013] 

LiCoA2 Chemical formula lLiCo02- xBx Chemical formula 2LiCol-xMxA2 Chemical formula 3LiCol-xMx02- yBy Chemical 
formula 4 [0014] (A is chosen from the group which consists of O, S, F, and P in the aforementioned chemical formula 1 or 4.) B 
is chosen from the group which consists of S, F, and P, and M is a lanthanoids metal chosen from the group which consists of 
transition-metals;Sr;La chosen from the group which consists of aluminum, Mg, Cr, and Mn, and Ce, is 0< x<l , and is 0< y<l 
this invention is the manufacture method of the aforementioned positive active material again. The powder of the compound 
chosen in the aforementioned chemical formula 1 which one or more primary particles whose sizes of a particle are 1-5 
micrometers gather, and forms the aggregated particle whose size of a particle is 10-30 micrometers, or the compound of 4 is 
manufactured, the; aforementioned powder A metal alkoxide solution Or the manufacture method of the positive active material 
for lithium secondary batteries including the process which heat-treats the powder which coated with metal solution and was 
coated with the; aforementioned metal alkoxide solution or metal solution is offered. 
[0015] 

[Embodiments of the Invention] Hereafter, this invention is explained in more detail. 

[0016] The positive active material for lithium secondary batteries of this invention is a compound chosen from the group which 

consists of the following chemical formula 1 or a compound of 4. 

[0017] 

LiCoA2 Chemical formula lLiCo02- xBx Chemical formula 2LiCol-xMxA2 Chemical formula 3LiCol-xMx02- yBy Chemical 
formula 4 [00 1 8] (A is chosen from the group which consists of O, S, F, and P in the aforementioned chemical formula 1 or 4.) B 
is chosen from the group which consists of S, F, and P, and M is a lanthanoids metal chosen from the group which consists of 
transition-metals;Sr; chosen from the group which consists of aluminum, Mg, Cr, and Mn, or La and Ce, is 0< x<l , and is 0< y<l 
In order to compound the aforementioned chemical formula 1 or the compound of 4, lithium salt, such as cobalt salt, such as a 
cobalt hydroxide, a cobalt nitrate, or a cobalt carbonate, a lithium nitrate, lithium acetate, and a lithium hydroxide, is mixed by 
desired equivalent ratio. Moreover, LiF or NaS can also be added further. 

[00 1 9] A mixed method carries out for example, mortar grinder mixture (mortar grin-der mixing), and manufactures the mixture 
of cobalt salt and lithium salt. It is desirable to carry out mortar grinder mixture until it adds suitable solvents, such as ethanol, a 
methanol, water, and an acetone, and a solvent is almost lost (solvent-free), in order to promote the reaction of cobalt salt and 
lithium salt at this time. 

[0020] [ whether the powder of the compound chosen from the group which consists of a chemical formula 1 of a quasicrystal 
(semi crystalline) state or a compound of 4 by heat-treating the mixture of the cobalt salt and lithium salt which were 
manufactured through such a process at the temperature of about 400-600 degrees C is manufactured, and ] The powder of the 
compound chosen from the group which consists of a chemical formula 1 of a crystallized state or a compound of 4 is 
manufactured by heat-treating primarily at about 400-550 degrees C for about 1 to 5 hours, and heat-treating secondarily at 
700-900 degrees C for about 10 to 15 hours. When manufacturing the compound powder of a crystallized state, there is a trouble 
[ temperature / of primary heat treatment ] that the reaction of a low, and cobalt salt and lithium salt is not more enough than 400 
degrees C. Temperature of secondary heat treatment cannot form a low and a crystalline substance easily from 700 degrees C. 
After carrying out the temperature up of the dry air the speed for 1-5-degree-C/, and the aforementioned heat treatment process's 
carrying it out on the conditions which carry out blowing (blowing) and maintaining the aforementioned fixed time at the 
temperature of each heat treatment, it consists of cooling naturally. 

[0021] Next, it is desirable that carry out re-mixture (remixing) of the powder of the compound chosen from the group which 
consists of a manufactured chemical formula 1 or a compound of 4 in ordinary temperature, and lithium salt is further distributed 
over homogeneity. 

[0022] One or more primary particles whose sizes of a particle are 1 -5micro gather, and the compound powder chosen from the 
group which consists of a chemical formula 1 manufactured by the aforementioned method or a compound of 4 forms the 
aggregated particle whose size of a particle is 10-30 micrometers. Although the powder chosen from the group which consists of 
a chemical formula 1 or a compound of 4 can also be manufactured and used by such method the chemical formula 1 which 
circulates commercially or You may use the compound powder chosen from the group which consists of a chemical formula 1 
which one or more primary particles whose sizes of a particle are 1 -5 micrometers in the compound powder chosen from the 
group which consists of a compound of 4 gather, and forms the aggregated particle whose size of a particle is 10-30 micrometers, 
or a compound of 4. 

[0023] Next, the compound powder chosen from the group which consists of a chemical formula 1 or a compound of 4 is coated 
with a metal alkoxide solution. Although the general-purpose coating methods, such as the sputtering method, the C VD 
(Chemical Vapor Deposition) method, and the DIP coating (dip coating) method, can be used as the aforementioned coating 
method, it is desirable to use the DIP coating method taken out if powder is simply soaked in a coating solution as the simplest 
coating method. The aforementioned metal alkoxide solution flows back and manufactures this, after mixing the metal of the 
amount which corresponds to 1 - 10% of the weight to alcohol and the aforementioned alcohol. It is desirable to be able to use 
Mg, aluminum, Co, K, Na, calcium, Si, Ti, V, etc. as the aforementioned metal, and to use Mg. A methanol or ethanol can be used 
as the aforementioned alcohol. 

[0024] If the effect that the concentration of the aforementioned metal coats the compound powder chosen from the group which 
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consists of the aforementioned chemical formula 1 or a compound of 4 with a low and a metal alkoxide solution from 1 % of the 
weight does not show up but the concentration of the aforementioned metal exceeds 5 % of the weight, metal alkoxide coating 
layer thickness is too thick, and is not desirable. 

[0025] Thus, the powder with which the metal alkoxide solution was coated is dried in 120-degree C oven for about 5 hours. This 
dryness process carries out the role further distributed in lithium salt in powder at homogeneity. 

[0026] The compound powder chosen from the group which consists of a chemical formula 1 with which the metal alkoxide 
solution was coated, or a compound of 4 is heat-treated at 500-800 degrees C. 

[0027] It is the positive active material of the compound chosen from the group which consists of a chemical formula 1 which one 
or more primary particles whose sizes of a particle are 1 -5 micrometers after all when a metal alkoxide solution changes to a 
metallic oxide at the aforementioned heat treatment process gather, and forms the aggregated particle whose size of a particle is 
10-30 micrometers, or a compound of 4, and the active material by which the front face was coated with the metallic oxide is 
manufactured. The metallic oxide formed on the surface of the active material is considered to be the oxide of the metal 
originating in the metaled compound metallic oxide or metaled metal alkoxide solution originating in the aforementioned cobalt 
and the metal alkoxide solution etc. For example, after coating LiCo02 with an aluminum alkoxide sol, the positive active 
material to which surface treatment of the compound metallic oxide of cobalt and aluminum and/or the oxide of aluminum was 
carried out can be obtained by heat-treating. Furthermore, in order to manufacture a uniform crystalline active material, as for the 
aforementioned heat treatment process, it is desirable to carry out dry air or oxygen on the conditions which carry out blowing. 
Since the metal alkoxide solution with which the temperature of heat treatment was coated with the low from 500 degrees C is not 
crystallized at this time, when this active material is applied to a cell, movement of a lithium ion may receive disturbance. 
[0028] Next, an example desirable for an understanding of this invention is shown. However, it is not provided in order that the 
following example may understand this invention in more detail, and this invention is not necessarily restricted to the following 
example. 

[0029] (Example 1) One mol of LiOH(s) and the Co(OH)2 1 mol were dissolved in distilled water. Mortar grinder mixture was 
carried out until ethanol was almost lost, after this mixture added the ethanol of sufficient amount for the grade which can fully 
react. The aforementioned mixture carried out secondary heat treatment at 750 degrees C again for about 12 hours, after having 
re-mixed after heat-treating dry air primarily at 400 degrees C by the conditions which carry out blowing for about 5 hours, and 
distributing uniformly. It cooled naturally, after carrying out the temperature up of the temperature the speed for 3-degree-C/at 
this time and carrying out fixed time maintenance at each temperature. 

[0030] Crystalline LiCo02 powder manufactured by the aforementioned method is in the state which many primary particles 
whose sizes of a particle are 1 micrometer gathered, and formed the aggregated particle whose size of a particle is about 10 
micrometers. After flooding this LiCo02 powder with Mg-methoxide solution about about 1 0 minutes, powder was separated 
with Mg-methoxide solution. This powder was dried in 1 20-degree C oven for about 5 hours, and LiCo02 powder with which the 
front face was coated with Mg-methoxide was manufactured. It heat-treated at 600 degrees C for about about 10 hours by the 
conditions which carry out blowing of the dry air to LiCo02 powder with which the aforementioned front face was coated with 
Mg-methoxide, and the positive active material for lithium secondary batteries was manufactured. 

[0031] Thus, the manufactured active material, the electric conduction agent (carbon, the tradename: supermarket P), the binder 
(poly vinylidene fluoride, tradename:KF-1300), and the solvent (N-methyl pyrrolidone) were mixed, the positive- active-material 
constituent slurry was manufactured, this slurry was cast for the tape gestalt and the positive electrode was manufactured. 
[0032] The coin cell type half cell was manufactured using the electrolytic solution which contained LiPF6 of 1M in the mixture 
of 1 : 1 volume ratios of Li-metal and an ethylene carbonate, and a dimethyl carbonate as the aforementioned positive electrode and 
a counter electrode. 

[0033] (Example 2) In the example 1 , if it removed having heat-treated at 700 degrees C instead of heat-treating LiCo02 powder 
with which Mg-methoxide was coated at 600 degrees C, it carried out like the example 1 . 

[0034] (Example 1 of comparison) If the front face was smooth and it removed having used what was flooded with Mg-methoxide 
solution in LiCo02 powder (tradename : NC- 10, manufacture company :Nippon Chemical) with which the size of a particle 
consists of a single particle which is 1 0 micrometers, it carried out like the example 1 . 

[0035] (Example 2 of comparison) In the example 1 of comparison, if it removed having heat-treated at 700 degrees C instead of 
heat-treating LiCo02 powder with which Mg-methoxide was coated at 600 degrees C, it carried out identically to the example 1 
of comparison. 

[0036] Drawing 1 is the SEM photograph of LiCo02 powder used in the example 1 and the example 2, and drawing 2 is the 
SEM photograph of LiCo02 powder used in the example 1 of comparison, and the example 2 of comparison. As for LiCo02 
powder used in the example 1 and the example 2, it turns out like drawing 1 that it is in the state which many primary particles 
whose sizes of a particle are 1 micrometer gathered, and formed the aggregated particle whose size of a particle is about 10 
micrometers, and LiCo02 powder used in the example 1 of comparison and the example 2 of comparison has a smooth front face, 
and it turns out that it is LiCo02 powder with which the size of a particle consists of a single particle which is 10 micrometers. 
After charging the cell manufactured in the example 1 and the example 1 of comparison by 4.3 V, the plates which dissolved and 
changed the structure of LiCo02 to Lil-xCo02 were collected. After carrying out DSC (differential scanning calorimetry) 
analysis to this plate, the result was shown in drawing 3 . The reason for having measured DSC is for checking the thermal 
stability of the charged positive active material. Since the oxygen which the oxygen (Co-O) combined with the metal was 
decomposed, and was decomposed in this way will sponsor an opportunity to react with the electrolytic solution and explode 
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inside a cell if it raises temperature, since the matter which the positive active material of a charge state has Lil -xCo02 structure 
and has such structure is structurally unstable, it has influence with the temperature and the calorific value at the time of an 
oxygen-content solution important for the stability of a cell. 

[0037] In drawing 3, LiCo02 powder with which (A) was used in the example 1 of comparison, LiCo02 powder which coated 
(A600) with Mg-alkoxide solution of the example 1 of comparison, LiCo02 powder with which (B) was used in the example 1 
and (B600) are as a result of [ of LiCo02 powder coated with Mg-alkoxide solution of an example 1 ] DSC. Though the 
temperature of a front face of an oxygen-content solution is more smooth at a low's compared with (A), when (A600) processes 
LiCo02 powder which consisted of a single particle with a metal alkoxide solution, it turns out that the result to which thermal 
stability becomes lower is caused. In contrast, when the temperature of an oxygen-content solution also rises compared with (B) 
and (B600) processes L1C0O2 powder in the state where the size of a particle formed the aggregated particle whose calorific 
value many primary particles whose sizes of a bird clapper to a particle are 1 micrometer gather, and is also about 10 
micrometers in comparison and small, with a metal alkoxide solution, it turns out that thermal stability improves It is thought that 
the aforementioned result originates in the difference in the configuration of LiCo02 powder used in the example 1 and the 
example 1 of comparison as shown in drawing 1 and the SEM photograph of drawing 2 . 

[0038] That is, it is thought that the effect of processing a front face with a metal alkoxide solution since LiCoOin state where 
aggregated particle whose size of particle many primary particles whose sizes of particle are 1 micrometer compared with 
LiCoOwhose size of one particle front face is smooth and is about 10 micrometers2 powder gather, and is about 10 micrometers 
was tormed2 powder has a large specific surface area and the front face is crooked is larger, and it appears 
[0039] After charging the cell manufactured by the example 2 and the example 2 of comparison 4.3 V, the plates which dissolved 
and changed the structure of LiCo02 to Lil-xCo02 were collected. After carrying out DSC (defferential scanning calorimetry) 
analysis to this plate, the result was shown in drawing 4 . In drawing 4 , LiCo02 powder with which (A) was used in the example 
2 of comparison, L1C0O2 powder which coated (A700) with Mg-alkoxide solution of the example 2 of comparison LiCo02 
powder with which (B) was used in the example 2, and (B700) are as a result of [ of LiCo02 powder coated with Mg-alkoxide 
solution of an example 1 ] DSC. the primary particle whose size of a particle is 1 micrometer compared with LiCo02 powder 
whose size of one particle a mist beam and a front face are smooth as a result, and is about 10 micrometers - a large number - 
gathering - the size of a particle - about 10 micrometers it is - the effect LiCo02 powder which makes an aggregated particle 
carries out [ the effect ] surface treatment with a metal alkoxide solution was further excellent 

[0040] In drawing 4 , the cell using the cell according [ (A700) ] to an example 2, the cell according [ (B700) ] to the example 2 
of comparison, and L1C0O2 powder with which (A) was used in the example 2 as an active material, and (B) show without 
surface treatment without surface treatment the property of the cycle life of the cell using LiCo02 powder used in the example 2 
of comparison as an active material. It turns out that the grade of improvement in the cycle-life property by surface treatment is 

S ™ g £™£°t ? WhCn CXample 2 (A700) ' 311(1 11 1,11118 out ±at ±c Property of a c y cle life of having processed and 
(A700) (B700) havmg excelled in the metal alkoxide solution compared with (A) which was not processed with an alkoxide 
solution and (B) is expressed so that the result of drawing 4 may show, and appears. 

[0041] (Example 3) If it removed having mixed LiOH and Co (OH)2 and LiF, and having manufactured crystalline LiCoF2 
powder, it earned out like the aforementioned example 1 . 

[0042] (Example 4) If it removed having mixed LiOH and Co (OH)2 and LiF, and having manufactured crystalline LiCoS2 
powder, it earned out like the aforementioned example 1 . 

[0043] Since it was similar with the example 1 as a result of observing the powder of LiCoF2 and LiCoS2 which were used in the 
aforemenuoned example 3 or 4 by SEM, and it appeared, it turns out that it is in the state in which many detailed primary particles 
gathered for and the powder used m an example 3 or 4 also formed the huge aggregated particle. Moreover, as a result of 
measuring DSC of the powder of LiCoF2 and LiCoS2 coated with the powder of LiCoF2 and LiCoS2 and Mg-alkoxide solution 
improve? 6 * 3 ° r * ^ * ^ ^ rforementioned exam P le 1 . and thermal safety 

[0044] 

[Effect of the Invention] Since the positive active material by this invention heat-treated and manufactured is excellent in thermal 
stability and structural stability after coating with a metal alkoxide solution the front face of LiCo02 powder which one or more 
primary particles whose sizes of a particle are 1-5 micrometers gather, and forms the aggregated particle whose size of a particle 
is 1 0-30 micrometers, the safety of a cell can be raised. 
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